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Abstract
Analysis of ten vernal ephemerals from Agro-Botanical Garden UASVM Cluj-Napoca revealed that all were 
naturally colonized by arbuscular mycorrhizae and fine root endophytes. Dark septate endophytes were observed 
in seven species. Highest frequency of arbuscular mycorrhizae colonization was found in Muscari armeniacum 
while second highest in Crocus vernus and Galanthus nivalis. High arbuscular mycorrhizae colonization frequency 
appears simultaneous with high fine root endophyte colonization in some species, but high arbuscular mycorrhizae 
frequency is not associated with highest dark septate endophyte presence. Lax arbuscular mycorrhizae symbiosis 
was identified in Iris reticulata and Hyacinthus orientalis. Plants with intensely arbuscular mycorrhizae colonized 
roots might be able to avoid carbon drain by allowing less arbuscules to form than presumed higher potential 
indicated by extensive length of root colonized by AMF hyphae. 
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Introduction
Certain fungal endophytes can inhabit plant 
tissues without causing disease symptoms, instead 
promoting plant performance. Plants usually can 
host several endophyte species simultaneously (Geisen et al., 2017; Brader et al., 2017). Among 
these, fine root endophytes (FRE) overlap in 
function with arbuscular mycorrhizae (AM), by 
enhancing phosphorus acquisition in plants. It 
was suggested that FRE may be more resilient to environmental stress than AM but are less dominant in moderate-natural and high-altitude environments (Orchard et al., 2017). At the 
same time, widespread dark septate endophytes 
(DSE) are considered to overlap in function with 
arbuscular mycorrhizae (AM) to some degree as 
well but compared to these they tend to become dominant under ecological disturbance conditions (Huan et al., 2017). 
Taxonomic affiliation of main categories of 
endophyte fungi that are able to co-exist in roots 
are found in Tab. 1, and some microscopic images 
from this study in Figure 1. 
Arbuscular mycorrhizae have been identified 
in 19th century (Błaszkowski, 2012) and reunite 
coarse and medium endophytes currently 
classified in phylum Glomeromycota, subphylum 
Glomeromycotina (Walker et al., 2018). The 
distinctive feature of this plant-fungus relationship 
is the arbuscules, units of exchange formed within cells of inner root cortex that can act as indicators 
of active symbiosis (Błaszkowski, 2012). 
Fine root endophytes first noted in 1963 have 
been included for a long time in same category 
with arbuscular-mycorrhizae. Many researchers 
however noted that although arbuscules are also 
produced, fungus differs in many ways through 
notable features such as irregular fan-shaped 
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structures and inter-hyphal swellings besides 
other characteristics. The only named species to date: Planticonsortium tenue is currently 
included in phylum Mucoromycota, subphylum 
Mucoromycotina, but there may be more than one 
FRE species (Walker et al., 2018).  
Dark septate endophytes known under this 
name since 1991 (Grunig et al., 2011), have been 
isolated first by Melin in 1922 and documented 
by Peyronel in 1924 for 135 angiosperm species. 
They were less studied, because observation of 
colonized hosts has been only incidental to other 
work until recent years. Roles of the DSE only 
recently gained interest, while Phialocephala 
fortinii was the only taxon allowing inferences 
about its distribution until 1-2 decades ago. 
At first DSE were classified in Deuteromycetes 
(Jumpponen and Trappe, 1998). Currently, many DSE taxa reside in Helotiales one of the most diverse fungal order from Ascomycetes, while 
others are classified in Pleosporales, Sordariales or 
Pezizales. Common features are melanized septate 
thalli that develop inside healthy root tissue (Grunig et al., 2011). Characteristic microsclerotia 
formed by DSE can present different morphology 
such as band-shaped, peloton-like or brain-like (Huan et al., 2017). Some representative genera for DSE sensu stricto are Phialophora, Cadophora, 
Leptodontidium and Phialocephala (Berthelot et 
al., 2016). 
In last years, studies on root fungal endophytes 
have rapidly shifted the focus from   functional 
aspects of the symbiosis to taxonomic aspects. But 
because the presence of endophyte propagules in 
soil or even of hyphae inside the root, might not 
provide any insight for exchange status, the classic 
approach of root colonization assessment is still 
important. 
At the same time, for some geographic 
regions, such as Transylvania studies on this 
Table 1. Symbiotic root endophytes and their taxonomic affiliation 









(incertae sedis) One species: Planticonsortium tenue Walker et al., 2018
Dark septate endophytes Ascomycota 
Orders:
Helotiales, Pleosporales, Sordariales, 
Pezizales
Grunig et al., 2011
a  b  
c  d  
e  f 
Figure 1. Endophytic structures from geophyte root: FRE arbuscule (a), AM Arum-type arbuscules (b), AM 
vesicles (c), spore (d), DSE melanized hyphae (e), DSE microsclerotia (f) 
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subject are either scarce or missing, compared to 
other geographic regions of the world where such 
aspects have been more extensively researched. 
Spring flower species selected for this study are 
among most frequently used throughout local gardens (Crișan et al., 2017) and chosen due to 
their higher importance. 
The aim of this study was to document the 
colonization patters by main categories of root 
endophytes and conduct a comparative evaluation 
of colonization level by arbuscular mycorrhiza 
during same phenophase in several spring 
geophytes grown in natural climatic conditions 
from Cluj county Romania. 
April 2018), roots of 10 early and mid-spring 
geophytes from genera: Leucojum, Crocus, 
Galanthus, Iris, Scilla, Muscari, Narcissus, Tulipa and Hyacinthus were collected at anthesis from 
plants grown in Agro-Botanical Garden UASVM 
Cluj-Napoca, Romania. 
Roots were harvested in non-destructive 
manner for plants, by digging sideways 
underneath the plant and covering back with 
soil after collecting a few roots in order do not 
cause damage to plant collections. Root samples 
for each species were placed in labeled mini-jars. 
Samples underwent preparation for microscopic 
examination in a matter of hours after collecting, 
using a low-cost technique (Vidican and Stoian, 
2016). 
First, roots were placed in a tea sieve and 
washed with tap water. Then, roots were heated 
until boiling point in 10% NaOH solution for 3-5 
minutes depending on thickness of the roots. 
When roots were softened, were decanted in the 
tea sieve and washed again with water. Cleared 
root segments were transferred back to mini-
jars with a staining solution comprised by 5% 
blue ink, 5% vinegar 9° and 90% demineralized 
water. Roots were left at room temperature in the 
staining solution for 1-2 days and then transferred 
to a solution of 5% vinegar and placed in the fridge 
until microscopic analysis. 
A total of 200 root segments (20 per species) 
with a length of 1 cm each, were examined under 
Optika Pro microscope at 100×-400×. Root samples 
were mounted on glass slide and after placing the 
glass cover, root was pressed gently with a pencil 
eraser to flatten it. The colonization was assessed using root segment estimation method (Trouvelot 
et al., 1986). 
Based on microscopic determinations were calculated indicators for the level of arbuscular 
mycorrhizae colonization using Mycocalc software 
(https://www2.dijon.inra.fr/mychintec/). Overall 
fine root endophyte and dark septate endophyte 
presence was scored on an intensity scale from “+” 
to “+++”. 
their sequence of bloom in Agro-Botanical Garden 
UASVM Cluj-Napoca. 
Microscopic examination revealed that roots 
of the 10 spring flowers studied were colonized 
by coarse arbuscular mycorrhiza as well as by fine 
root endophytes. Dark septate endophytes were 
more frequently present in the roots of certain 
species than others. 
Slightly different arbuscular mycorrhizae 
colonization patterns could be distinguished 
Table 2. Synopsis for sequence of bloom in vernal ephemerals from Cluj county, Romania
Species March April May1-15 16-31 1-15 16-30 1-15 16-31
Galanthus nivalis L. ----------------------
Crocus vernus (L.) Hill ----------------------
Iris reticulata M. Bieb. ----------------------
Leucojum aestivum L. ----------------------
Scilla bifolia L. ----------------------
Narcissus pseudonarcissus L. ----------------------
Hyacinthus orientalis L. ----------------------
Muscari armeniacum Leichtlin ----------------------
Convallaria majalis L. ----------------------
Tulipa gesneriana L. ---------------------------------
Narcissus poeticus L. ----------------------
Materials and MethodsDuring one-month interval (16 March - 16 
Results and Discussions
In Tab. 2 can be observed spring flowers and 
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among some spring ornamentals studied that 
could be attributed to specific root histologic features related to variations in cell and tissue 
organization among species. 
From Tab. 3 can be observed that highest 
frequency of AM colonization was found in Muscari 
armeniacum that presented endomycorrhiza in 
all root segments analyzed. Second highest root 
colonization frequency (95%) was identified in 
Crocus vernus and Galanthus nivalis followed by 
Scilla bifolia and Narcissus poeticus with 90% 
frequency. Intermediate levels of colonization 
(75% - 80%) were identified in Leucojum aestivum, 
Narcissus pseudonarcissus and Tulipa gesneriana. 
Lowest colonization frequency was found in Iris 
reticulata and Hyacinthus orientalis.
High frequency of root segments with spores 
and vesicles was linked to higher level of AM 
colonization frequency in several species such as 
Scilla bifolia, Leucojum aestivum that had some 
of the highest frequency of these structures that 
appear in advanced stages of colonization. This 
link is evident also in Iris reticulata with low 
colonization frequency and lack of spores and 
vesicles in the root. However, this association is 
not seen in species such as Muscari armeniacum and Galanthus nivalis. 
Fine root endophyte Planticonsortium sp. was 
present in all species analyzed. The most abundant 
FRE arbuscules were observed in root segments 
belonging to some mid-spring species such as 
Tulipa gesneriana and Narcissus poeticus. However, 
early spring species such as Crocus vernus and 
Galanthus nivalis also presented abundant FRE 
structures. 
Dark septate endophytes were observed in 
seven out of ten spring species analyzed. Often 
only typical brown septate hyphae were observed, 
but in two species: Hyacinthus orientalis and Tulipa 
gesneriana microsclerotia were very abundant. 
Summarizing the overall endophyte presence, 
it is evident that high arbuscular mycorrhizae 
colonization frequency appears simultaneous with 
high fine root endophyte colonization for three 
species: Crocus vernus, Galanthus nivalis, Narcissus 
poeticus. But arbuscular mycorrhizae frequency 
is not associated with dark septate endophyte 
presence as it can be seen comparing results for 
Tulipa gesneriana and Hyacinthus orientalis.  An interesting relation of AM indicators 
obtained for highly mycorrhizal species Muscari 
armeniacum and Narcissus pseudonarcissus, as well 
as intermediate mycorrhizal Leucojum aestivum and Crocus vernus can be seen in Figures 3 and 4. 
Highest root colonization intensity of 35.55% 
was found in Muscari armeniacum with most 
of the root fragments analyzed having up and 
over 50% of the root length mycorrhizal (classes on scale of Trouvelot et al., 1986). Narcissus 
pseudonarcissus has the second highest intensity 
of AM colonization, and although presented root 
fragments without colonization compared to 
Muscari armeniacum, it also presented a few root 
segments with over 50% and even over 90% of 
their 1 cm length mycorrhizal. This balance is 
changed when it comes to arbuscule abundance 
Figure 3. Intensity of endomycorrhizal colonization in: (m%) root fragments and (M%) root system
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where Narcissus pseudonarcissus has the highest 
score compared to the rest of the species analyzed. 
This comes to show that although Muscari sp. had 
more hyphae and more of the root length colonized, 
it did not develop the highest abundance of plant-
fungus exchange interface: arbuscules. This can 
be possibly explained by the fact Muscari sp. is a 
shorter plant with less photosynthetic capacity as 
well as nutritional requirements than Narcissus 
pseudonarcissus and it is currently known that 
plant controls the formation of arbuscules, thus it 
was not necessary for the plant to release a larger 
than necessary quantity of carbon fixed thought 
photosynthesis towards hyphae network instead 
it balanced resource allocation and kept the 
exchange interface at lesser level than its potential 
avoiding carbon drain. 
Comparing Leucojum aestivum and Crocus 
vernus that flower in early spring, a similar 
relationship as seen in Muscari armeniacum and 
Narcissus pseudonarcissus can be noticed from 
figures 3 and 4. Thus, Crocus vernus presented 
a higher colonization intensity than Leucojum 
aestivum yet the last one scored higher for 
arbuscularity.  
As it can be observed in figure 4, arbuscule 
abundance in mycorrhizal parts of root fragments 
is higher than in the root system, in all cases. This 
is caused firstly by not all root segments being 
mycorrhizal with one exception, and variation in 
root length colonized. Arbuscules had a patchy 
occurrence in the root fragments. In most cases 
arbuscules scored as “few” or “frequent” and only 
in a handful of cases scored “abundant”, according to scale of Trouvelot et al. (1986), which combined 
with most often under 50% of the root fragment 
length colonized (in mycorrhizal segments) 
to result these values. Lowest root arbuscular 
mycorrhizae colonization intensity as well as 
least abundant arbuscules were found in roots of Iris reticulata, Narcissus poeticus, Hyacinthus 
orientalis and Scilla bifolia. These species had an 
arbuscule abundance in root system below 1%. 
For the first three mentioned species this could 
be a sign of a lax symbiosis and possibly lower 
AMF dependence, while for Scilla bifolia can be 
noticed that sporulation process already occurred, 
evident by high frequency of spores and vesicles 
(25%), a sign of plant preparation for post-
anthesis dormancy and presence of structures 
that appear in late stages of colonization marking 
the decline of active exchange between mycobiont 
and phytobiont. This fact can naturally explain the 
decrease of either infective proliferative hyphae or 
arbuscules in the root. To a less extent this could be the case for Narcissus poeticus as well that also 
presented signs of AMF sporulation compared 
to the other species such as Iris reticulata and 
Hyacinthus orientalis that might just have a lesser 
AMF dependence overall. 
Because spring geophytes have economic 
value as ornamentals, their symbiosis with 
arbuscular mycorrhizae started to be studied 
a long time ago. Such studies were aimed to 
identify potential for optimization of cultivation 
technology. Other, more recent studies on spring 
Figure 4. Arbuscule abundance in: (a%) mycorrhizal parts of root fragments and (A%) root system
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geophytes focused on ecology aspects for plants 
from natural habitats. 
An early study from U.K. aimed to assess 
the colonization by arbuscular mycorrhizae of commercial Narcissus, Tulipa and Crocus 
cultivars in field conditions for two years 
identified arbuscules, sign of active mycorrhizae, 
in December collected samples (Chilvers and 
Daft, 1981). The cited study managed to put in 
evidence differences in colonization among the 
three mentioned species in relation to typical 
geophyte phenology. In addition, it was shown that 
Narcissus had a poor colonization in the first year 
of planting but increased in second year. In Crocus, 
arbuscular mycorrhizae spread fast after planting 
and maintained high until roots senescence. Tulipa 
presented a slow progression of colonization that 
remained low in both years of study. 
Following inoculation with Diversispora 
spurca, Diversispora versiformis, and Funneliformis 
mosseae in separate treatments established 
in controlled environment, potted Hyacinths 
orientalis ‘Anna Marie’ responded the best to 
Funneliformis mosseae regarding early and 
prolonged flowering as well as increased flower 
stem and raceme length – all important commercial 
aspects. Mycorrhizal colonization was within the 
limits 38% to 49% across variants (Xie and Wu, 
2018). Colonization frequency of 45% obtained 
in this study for same plant species situates in the 
same range.  
Zubeck et al., (2011) assessing root 
colonization by same root endophytes as those 
considered in current study, for samples collected 
from Jagiellonian University Botanical Garden 
Kraków, using same assessment technique and 
similar number of root segments, obtained for 
spring geophyte Convallaria majalis a frequency of 
colonization of 95.5%, similar with Crocus vernus and Galanthus nivalis from this study. But at the 
same time, higher values for percentage of root 
length colonized and arbuscularity: M = 77.9% 
and A = 69.4%. 
Assessment of percentage mycorrhizal root 
infection in geophytes from Taurus mountains 
Turkey indicated the following values in descending order: Eranthis hyemalis 87%, Muscari 
sp. 60-87%, Gagea sp. 67-80%, Hyacinthella 
lazulina 40%, Crocus biflorus 27%, Tulipa armena 
20% (Karaarslan et al., 2015). In present study, the 
same hierarchical order was found for arbuscular 
mycorrhizae colonization frequency in Muscari > 
Crocus > Tulipa. 
Because of their life cycle, spring geophytes 
have to efficiently allocate resources to both 
vegetative and reproductive development in a 
short span of time before going dormant. Root 
endophytes provide a natural path for plants to 
achieve fast enhanced nutrition, in exchange for 
carbon fixed though photosynthesis. The way plant 
controls resources allocation under colonization 
by different endophytes concomitantly present 
in the root seems to be very complex. It might be 
possible that roots can prevent carbon drain by 
allowing less arbuscules to form than presumed 
higher potential indicated by extensive length 
of root colonized by AMF hyphae. Control of 
colonization by plant could be exercised using a 
suppressing chemical mechanism. Like tulipalin, 
with antifungal properties that could diffuse from 
Tulipa sp. bulb in rhizosphere. It was speculated that throughout Amaryllidaceae might be present a similar mechanism due to observed resistance 
to pathogenic fungi (Chilvers and Daft, 1981). 
It is also known, that plants use similar immune 
responses and defense mechanism to interact 
with both pathogenic and nonpathogenic 
endophytes (Brader et al., 2017). Also, different 
plant species were shown to support different 
rates of sporulation by arbuscular mycorrhizal 
fungi, reflecting host-depending differences in 
fungal growth rates, rather than host-dependent 
timing of sporulation (Bever et al., 1996). This 
is also evident from results of this study, where 
absence or low frequency of spores and vesicles 
were observed in species with lowest colonization 
frequency, and the opposite happening in the 
highly colonized roots. Still, in connection to 
geophyte phenology, fungus might sporulate and 
constitute lipid reserves in vesicles as soon as 
exchange interface is reduced due to slowing plant 
metabolic activity. 
Conclusion
Following this study conducted at anthesis 
for 10 spring geophytes grown in natural 
climatic conditions, it was found that arbuscular 
mycorrhizae colonization frequency varied 
between 45% (Iris reticulata, Hyacinthus 
orientalis) and 100% (Muscari armeniacum). 
Highest frequency of advanced stage AM 
colonization structures (vesicles and spores) was 
CRIŞAN et al.
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identified in Leucojum aestivum and Scilla bifolia. 
Intense FRE colonization was found in mid-spring 
flowers Narcissus poeticus and Tulipa gesneriana. 
Most abundant DSE microsclerotia was identified in Hyacinthus orientalis and Tulipa gesneriana. 
Our study emphasizes a high degree of 
novelty by notifying the presence of certain root 
endophytes (such as fine root endophytes and 
dark septate endophytes), as well as by assessing 
arbuscular mycorrhyza root colonization level for 
some spring flowering genophyte plants grown in 
Cluj County, Romania.. 
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